We present the full target list and prioritization algorithm developed for use by the microwave search for technological signals at the SETI Institute. We have included the Catalog of Nearby Habitable Stellar
INTRODUCTION
In Paper I (Turnbull & Tarter 2003) , we described in detail the Catalog of Nearby Habitable Stellar Systems (HabCat), which consists of 17,129 stars selected from the Hipparcos Catalog according to considerations of age, variability, spectral type, metallicity, and multiplicity. Subject to observational limitations and gaps in our understanding of life, this catalog contains '' habstars '' that may host planetary systems that are habitable to complex lifeforms. The radio search for extraterrestrial technological signals currently in progress at the SETI Institute will concentrate its observing time on these stars for the remaining observations at the Arecibo Observatory and for the first few years of observations at the Allen Telescope Array (ATA, formerly the One-hectare Telescope or 1hT), currently under construction at the Hat Creek Observatory in Northern California. In this paper, we present the remainder of the assembled target list, with the expectation that other SETI projects may find it useful.
The primary reason for augmenting HabCat with additional subsets of targets is that the ATA will speed up the current rate of target searching by more than 2 orders of magnitude, observing more than 10,000 stars per year in the full 0.5-11 GHz range (Welch & Dreher 2000) . Therefore, there will be opportunity to observe many more stars than the 17,129 included in HabCat. The unique construction of the ATA will permit observation of a minimum of three targets simultaneously, using each target as an '' off-source '' reference for the other two in order to mitigate against terrestrial radio frequency interference (RFI). Identifying three stellar targets within the primary field of view (PFOV) of the array necessitates a much bigger target list than HabCat. The expanded target list also allows (1) exploration of the possibility that dramatically different forms of advanced life may thrive in environments humans consider hostile and (2) an increase in observing efficiency by including suitable stellar clusters.
In x 2 of this paper we briefly describe the capabilities of the ATA, which motivates us to expand our target list from HabCat. Section 3 presents the '' Tycho '' subset of $250,000 dwarf stars selected from the Tycho-2 Catalog of $2.5 million stars. Section 4 describes the '' Nearest 100 '' list of targets, which includes the closest (known) 100 stars regardless of age, spectral type, metallicity, multiplicity or variability. Section 5 discusses a subset of old, metal-rich open clusters included in our target list to enhance observing efficiency, and x 6 presents an algorithm for prioritizing these objects in terms of their interest to SETI.
CAPABILITIES OF THE ALLEN TELESCOPE ARRAY
The ATA is a joint effort by the SETI Institute and the University of California, Berkeley, currently under construction at the Hat Creek Observatory located in northern California. The ATA will consist of 350 dishes, each 6.1 m in diameter, resulting in a collecting area exceeding that of a 100 m telescope. The current development and construction timeline calls for the first 32 antennas to be operational in 2004 and the full array to come online in 2007.
The unique architecture of the ATA permits simultaneous imaging of a very large primary field of view (PFOV) for traditional radio astronomy and targeted observations of up to 16 dual-polarization synthesized beams within the PFOV for SETI, as illustrated in Figure 1 . Four intermediate-frequency (IF) processors provide four independently tunable frequency channels for simultaneous observation, each with a 100 MHz bandwidth. The signal from each IF processor can feed an imaging correlator, a summing network that provides four dual-polarization beams on the sky, or both. Thus, a total of 16 spatially independent beam-pairs can be synthesized (and hence up to 16 SETI targets observed) at a maximum of four different frequencies while an image of the PFOV is simultaneously being
The Astrophysical Journal Supplement Series, 149:423-436, 2003 December # 2003 . The American Astronomical Society. All rights reserved. Printed in U.S.A. generated. Finding 16 stars within every ATA PFOV would require catalogs of $400,000 stars (at 1 GHz) and 4 million stars (at 11 GHz) north of À34 declination. Initially, SETI observations will have access to three dual-polarization beams. As processing becomes more affordable and larger star catalogs (e.g., from the GAIA mission) become available, observing efficiency will increase by making use of all 16 possible simultaneous SETI target and frequency combinations. The initial goal is to maintain a minimum of three spatially separated beams in operation at all times to enable an efficient filter against RFI by utilizing two of the target stars as '' offsource '' measurements for the third, and discarding signals detected from more than one target. While all three beams do not have to contain SETI stars for filtering of interfering signals, here we strive for three SETI targets in every PFOV. Figure 2 illustrates how the decreasing size of the PFOV at increasing frequencies demands larger target lists for simultaneous SETI and radio astronomy observing. SETI observations will begin at the lowest frequencies where the ATA PFOV is largest. The 13,256 habstars visible from Hat Creek will permit simultaneous SETI and radio astronomy observations (i.e., there is, on average, at least one target star in any PFOV) at frequencies below $1.2 GHz. The solid line in Figure 2 shows the average number of HabCat stars per beam from 0.5 to 11 GHz.
For stars in the Tycho-2 catalog (which extend to much larger distances), concentration toward the Galactic plane causes the number of stars per area to be diminished at the Galactic poles by a factor of $2.5 from the surface density averaged over the whole sky (see Høg et al. 2000a and 2000b for an overview of Tycho-2). The dotted line in Figure 2 shows there is always more than one star (at the Galactic poles) per PFOV up to 6.8 GHz with a target list of 250,000 stars and below 2.3 GHz, there will be more than three stars per PFOV. A target list of 1 million stars (dashed curve) makes simultaneous SETI and radio astronomy observing possible at all frequencies and over the whole sky with the ATA, with three stars per beam at frequencies below 9 GHz. In the next section we present a large list of mainsequence stars identified in the Tycho-2 catalog, which we will use to supplement HabCat with as many reasonable SETI targets as possible.
THE TYCHO-2 DWARFS
The Tycho-2 Catalog of 2.5 million stars can provide targets for observation when fewer than three HabCat stars are present in the ATA PFOV. Owing to a general lack of information about the Tycho-2 stars (including age indicators, spectral types, metallicities, and multiplicity data), this list will not be as '' refined '' as HabCat in terms of the habitability requirements we outlined in Paper I. However, the Tycho-2 list should be comprised of late-type, mainsequence stars, to the extent that they can be separated them from the giants.
Tycho-2 lacks the parallax data necessary to determine absolute magnitudes, but the catalog contains B T and V T photometry and accurate proper motions (standard errors $3.5 milliarcsec yr À1 ) for the complete sample of stars brighter than V$11. As explained in detail by Gould & Morgan (2003) , the reduced proper motion (RPM) versus B T ÀV T diagram can be used to separate dwarfs from giants in much the same way as a color-magnitude diagram (CMD). Here we define reduced proper motion as the quantity H V ¼ V T þ 5 log l À 5, where l is the proper motion in arcseconds per year.
Identifying Dwarf Stars by Reduced Proper Motions
To establish RPM criteria for excluding Tycho-2 giants, we start with the Hipparcos Catalog, where we have both Tycho photometry, V T and B T , and parallax data. Figure 3 shows the CMD in the Tycho bandpasses for Hipparcos stars with B T ÀV T photometric uncertainties less than 0.015 mag, fractional parallax uncertainties less than 0.1, fractional proper motion uncertainty less than 0.5, and no catalog flag denoting '' combined photometry '' in Field H48. We define in this figure the portion of the diagram that we ultimately want to keep (which is similar to that kept for HabCat). The stars in this region (displayed in black) were used to define reduced proper motion cuts in Figure 4 . To remove short-lived early-type main-sequence stars, we applied minimum B T ÀV T and M v limits, and to remove evolved stars (and extremely low-metallicity main-sequence stars), we applied cuts above and below the length of the main sequence. Thus, stars in Figure 3 not meeting the following criteria were removed:
for 0:4 < B T À V T 1:4 mag:
for B T À V T ! 1:4 mag:
In Figure 4 , the RPM diagram for the desirable targets is shown, and cuts in RPMÀ(B T ÀV T ) space are defined to include only these stars. These are the RPM cuts used in selecting stars from the Tycho-2 catalog. Stars not meeting the following criteria were removed:
For 0:9 B T À V T < 1:6 mag:
For 0:8 B T À V T < 1:5 mag:
Stars from the Hipparcos catalog satisfying these RPM cuts inhabit the color-magnitude space are shown in Figure 5a . Clearly, this is an extremely effective way of eliminating giants (which are separated from the desired sample in both B T ÀV T and H V ), but bright main-sequence stars are harder to remove because they are separated from fainter dwarfs only in H V . The fraction of stars in Figure 5 that fall outside the desired zone of acceptance is 11%. Nearly all of these contaminants are early-type mainsequence stars, with only 1% of RPM-selected stars falling in the post-main-sequence region. Figure 5b shows the CMD for Hipparcos stars that were rejected by the RPM cuts; approximately 8% of '' good '' main-sequence stars were falsely rejected.
The proper motion accuracies in Hipparcos and Tycho-2 are similar, but the Hipparcos sample differs from the Tycho-2 sample in that (1) distant giants were preferentially removed by the parallax uncertainty cut, and (2) the median photometric precisions ð V T $ 0:006 mag; B T $ 0:006 magÞ are significantly better than those in the Tycho-2 sample, especially in B T ( V T $ 0:05 mag; B T $ 0:07 mag at V T ¼ 10 11 mag, increasing to V T $ 0:11 mag; B T $ 0:17 mag at V T ¼ 11 12 mag; Høg et al. 2000a) . While the larger number of bright, distant giants in the Tycho-2 sample is unlikely to make a significant impact on the resulting contamination rate (those stars will primarily reside in the far upper right of the RPM diagram and be easily removed with Tycho-2 proper motion data), we must still account for the reduced photometric precision.
Contamination Rates in an RPM Selected Sample of Stars
To estimate the contamination and false exclusion rates we expect to have for an RPM-selected set of stars from the Tycho-2 catalog, we added artificial noise to the B and V photometry of the same set of Hipparcos stars used above. For each star we randomly selected a number, x, from a Gaussian distribution centered on zero and having a standard deviation x ¼ 1. This number was used to create a scatter term, xN 1 , where N is an integer determining the magnitude of uncertainty enhancement and 1 is the quoted photometric standard error for the star. This scatter term (which can be positive or negative) was then added to the quoted B or V magnitude for that star, giving a new stan-
The factor N was adjusted to give new B and V magnitudes with precisions comparable to those for stars in Tycho-2, and contamination and false exclusion rates (defining desirable and undesirable stars using the CMD for nonscattered data) were determined using the same process as above. Table 1 shows the expected contamination and false exclusion rates for several ranges of V T magnitude and the corresponding median standard errors in the Tycho-2 catalog. The primary effect of increasing photometric uncertainty is to scatter '' good '' stars out of the RPM-selected sample (the false exclusion rate, f FE , reached 60% in the noisiest sample). The fractions of selected stars that are of early-type main-sequence ( f EMS , M V 2:5) and giant stars ( f G ) increase less dramatically, reaching 21% and 12%, respectively, in the worst case. These numbers are slight overestimates, because the fainter magnitude limit of Tycho-2 endows the catalog with proportionately fewer bright stars than Hipparcos (both because more faint stars are included in the sample and because the brightest stars are seen out to distances from the Galactic plane where their space densities decrease). Thus, for Tycho-2, $48% of stars are rejected by our RPM cuts, but for the Hipparcos sample with similar (artificially increased) uncertainties, $58% of stars are rejected. Therefore, the true contamination and false rejection rates may be lower than the values listed in Table 1 by a factor of $0.8.
The Tycho-2 Supplemental Target List for SETI
We applied the derived RPM cuts to the $500,000 Tycho-2 stars with proper motion uncertainties less than 50%, no position flag (in field 2), proximity flag !999, V T < 0:2 mag; B T ÀV T < 0:1 mag, and B T ÀV T ! 0:4. The result is a supplemental target list of 256,610 stars with median uncertainties V T < 0:06 mag; B T < 0:06 mag, giving an expected giant star fraction of 8%-10%. When fewer than three stars from HabCat are present in the PFOV, additional targets will be selected for observation from this Tycho-2 subset. This list will allow continuous allsky SETI observing below 7 GHz (and three targets per beam below 2.3 GHz) with the ATA. The distributions of spectral types and apparent magnitudes are shown in Figure 6 . Thus, our cuts in proper motion uncertainty and B T ÀV T combined with the Tycho-2 limiting magnitude for completeness have given us a list containing mostly late Fand early G-type dwarf stars within $250 pc (assuming M V $ 4 for B T ÀV T $ 0:6), a spectral distribution similar to that in HabCat (shown in Figs. 11 and 12 of Paper I) but at 3 times the average distance and with 15 times as many stars. Figure 7 shows the approximate distribution of distances assuming a transformation M V ¼ 2:9 (B T ÀV T Þ þ 2 (a by-eye approximation to the Hipparcos data for RPMselected stars), compared to the Lutz-Kelker corrected distances of all stars in HabCat. In the following sections, the SETI target list is augmented by three more subsets of stars that complement HabCat.
THE NEAREST 100 STARS

SETI in the Solar Neighborhood
The Hipparcos Catalog was the starting point for creating HabCat because it is the largest collection of accurate parallax measurements in existence, and stellar distances are crucial in determining whether individual stars meet many of the habitability criteria applied in Paper I. However, the mission's magnitude limit for completeness introduced an observational bias that excluded many of the systems nearest to the Sun, a population dominated by faint M and K dwarf stars.
The '' Near 100 '' subset, a list of the nearest 100 star systems prepared by the Research Consortium on Nearby Stars, 1 plus the third nearest system recently discovered by Teegarden et al. (2003) , includes 144 total stars, of which about a third are not found in the Hipparcos Catalog. Table 2 lists these systems, with spectral types taken from RECONS except the '' e,'' '' sd,'' and '' var '' flags, which were taken from the Michigan Spectral Survey catalogs (Houk 1978 (Houk , 1982 Houk & Cowley 1975; Houk & SmithMoore 1988; Houk & Swift 1999) . The sample includes nine white dwarfs, 27 double systems, seven multiple systems, three brown dwarf companions (GJ 845B, GL 229B, and GJ 570D), and two known planetary systems ( Eri and GJ 876B). Of the 100 stars found in the Hipparcos Catalog, 75 were rejected from HabCat in Paper I based on habitability criteria (e.g., white dwarfs, A-and F-type stars, emissionline stars, and dynamically unfavorable multiple systems/ extrasolar planet systems). However, we have added the Near 100 objects to the SETI target list, as they provide an opportunity to explore diverse environments that could give rise to unexpected forms of complex life at distances where we are most likely to detect them.
The distance of the furthest star in the Near 100 sample, GJ 809, is $7 pc. Our sensitivity limit at that distance corresponds to a transmitter with 3.1 GW equivalent isotropic radiated power (EIRP) using the Arecibo dish and 0.7 Hz resolution after a 300 s observation (13.5 GW EIRP with the ATA with the same resolution and integration time). Such a signal is much less powerful than many terrestrial radars, but more than a thousand times stronger than commercial TV and radio broadcasts.
The Expected Habitability of the Nearest Stars
Seventy-five percent of the Hipparcos stars in the nearest 100 systems were rejected from HabCat. Table 2 indicates which objects were cut, and in the following paragraphs we briefly outline the reasons for their exclusion.
Alpha Centauri.-One system in particular, Centauri, seems like an interesting system to SETI, both because of its proximity and because the primary of this triple system is Sunlike. However, the Cen A and B orbit likely rules out the presence of habitable planets. Endl et al. (2001) have ruled out the presence of planets with masses greater than $2 Jupiter masses interior to 4 AU around either star (assuming orbits coplanar with the binary), but simulations by Holman & Wiegert (1999) , Marzari & Scholl (2000) , and Quintana et al. (2002) suggest that terrestrial planet formation is possible interior to $3 AU of Cen A. The eccentricity of the binary (e ¼ 0:5179; Pourbaix et al. 2002) means that over the course of one binary orbit the separation between the two stars varies from 11 AU to 36 AU, causing a nonperiodic variability in insolation at the primary's habitable zone of $3% (Hale 1996) . This may not be enough to make the system uninhabitable (our insolation variability cutoff for HabCat was 3%, the variability detection limit for Hipparcos), but Quintana et al. (2002) also predict eccentric planet orbits (typically between 0.05 and 0.2 for planet orbits coplanar with the binary, up to $0.4 for planet-forming disks inclined at 45
). This would cause annual insolation variations of 20% to 125% (compared to 7% for the Earth's eccentricity of 0.016). Planets in eccentric orbits also received an increased time-averaged flux over one orbit, and thus increased global mean surface temperatures (from 15 C for Earth to 23
C for e ¼ 0:3), and annual global temperature variations of 9 for e ¼ 0:3, with more pronounced variations on land masses (Williams & Pollard 2002) . Williams & Pollard also find that such variations probably do not rule out habitability (in terms of water loss during the hottest parts of the year), depending on the planet's inventory of volatiles, which serves to moderate climactic extremes. However, as suggested by Quintana et al. (2002) , the secondary star may prevent the initial delivery of volatiles to terrestrial planets from further out in the planetary system (as envisioned by Morbidelli et al. 2000 and Robert 2001) . Thus, planets in the habitable zone could be dry (which would rule out water-based life) or severely depleted in volatiles (in which case seasonal temperature variations could be much more extreme than those expected for an Earthlike planet, thereby ruling out water-based life). We maintain that the Cen system does not belong in HabCat (and thus it will not have the priority given to HabCat objects in x 5), but it will be observed as a Near 100 object.
Pav and Other Near 100 G Stars.-All but one of the main-sequence G stars in the Near 100 sample were excluded from HabCat. Ceti and Eri were removed on the basis of low metallicity ([Fe/H < À0:4) according to spectroscopic data from Cayrel de Strobel, Soubiran, & Ralite (2001, hereafter CSR), Cas was detected as an unsolved variable by the Hipparcos mission, and Boo was identified as a BY Drac type variable. The G8 IV/V star, Pav (HIP 99240), is SETI's most attractive target in the nearest 100 subset. This single star is metal-rich ([Fe/H $ þ0:3; CSR) and has thin disk kinematics (U ¼ 44 km s À1 , V ¼ À10 km s À1 , W ¼ À11 km s À1 ; Eggen 1998). It is chromospherically quiet according to the Ca ii H and K activity indicator (Henry et al. 1996) , was not detected as a ROSAT All Sky Survey X-ray point source (Guillout et al. 1999) , has a small projected rotational velocity of 3:2 AE 0:2 km s À1 (Reiners & Schmitt 2003) , and resides slightly above the main sequence. These data all suggest that the star is the Sun's age or older (see xx 3.4 and 3.5 in Paper I for a discussion of age indicators), and Ibukiyama & Arimoto (2002) derive an age of $11 Gyr by isochrone fitting. Although the SIMBAD database designates this object as a '' variable star '' based on inclusion in the New Suspected Variables catalog (Kukarkin & Kholopov 1982) , no recent photometry suggests variability, and Hipparcos photometry confirms its stability. Six years of radial velocity measurements with the Anglo-Australian Telescope showed no variations above the 3.0 m s À1 uncertainties, implying that there is no planet having a mass of 0.5 Jupiter masses or more within 5 AU, and no Saturn-mass planet within 2 AU (G. W. Marcy 2003, private communication) . Therefore, the habitable zone of HIP 99240 is dynamically stable for terrestrial planets unless there is a giant planet outside of 5 AU with orbital eccentricity greater than 0.5 (see Table 3 of Holman & Wiegert 1999) . This star ( ¼ À66 ) was observed by Project Phoenix from the Parkes Radio Observatory in April and May of 1995, and no technological signal in the frequency range 1.2-2.8 GHz stronger than the 15 Jy detection limit was detected. Such a signal would require an omnidirectional transmitted power of 65 GW, or for a 70 m directional antenna, 84 kW of power into the transmitter (P. Backus 2003, private communication); for example, NASA's Goldstone 70 m antenna and 420 kW transmitter, pointed toward Earth, would be easily detectable at the distance of Pav. Although it will not be visible to the ATA, Pav should continue to be a high-priority target for SETI programs operating in the southern hemisphere. In x 5 we discuss the top priority targets for SETI at the ATA.
Non-Solar Type Stars.-One-third (30) of the M dwarfs in the nearest 100 systems are not found in the Hipparcos Catalog and were therefore not included in HabCat, although seven of those stars are part of multiple systems whose primaries were included. Many of these nonHipparcos (mostly M) stars, however, would have been excluded from HabCat due to flaring activity. GJ 752 A, an M3 dwarf, was excluded based on an erroneous spectral type (M2 III) given in the Houk & Swift (1999) catalog and has been reintroduced into HabCat. GJ 338 A and B have also been reintroduced, as they are part of a habitable double system, not a quadruple system as listed in the Catalog of Components of Double and Multiple Systems (CCDM) catalog. Initially, all 19 of the K dwarfs in the Near 100 sample were excluded from HabCat for reasons such as variability detected by Hipparcos (including the known planetary system Eri), youth indicated by Ca ii H and K line activity (Noyes, Weiss, & Vaughan 1984; Henry et al. 1996; Donahue 1993) , kinematics suggestive of halo membership, or dynamical instability of the habitable zone in binary systems (see Paper I for a detailed description of all these criteria). However, GJ 380 (K3 V, excluded due to erroneous listing as a member of a binary system in the CCDM catalog) has been reintroduced into HabCat. The white dwarfs and main-sequence stars earlier than F5 were all excluded from HabCat based on a 3 Gyr habitability timescale for the development of complex lifeforms, as explained in Paper I. An updated list of HabCat stars (with merits as assigned in x 5) can be obtained via e-mail from M. Turnbull.
OLD OPEN CLUSTERS
The primary field of view (PFOV) for the ATA is very large (3=31 at 1 GHz), and as many as 16 independent synthesized beams can be used to simultaneously observe target stars anywhere within that field. Clusters are therefore of interest to SETI because they allow us to search for signals from many stellar systems of a chosen age and metallicity in a single observation. Globular clusters have the highest concentration of stars in the Galaxy and they meet the minimum 3 Gyr age requirement for habstars, but their very low metallicities and extremely high stellar densities (leading to photo-evaporation and gravitational disruption of planetforming disks) make the presence of planetary systems unlikely (Armitage 2000; Davies & Sigurdsson 2001) . This is borne out by the failure to detect planetary transits in observations carried out by Gilliland et al. (2000) . Globular clusters have the added disadvantage that their large distances from Earth (from $10 kpc for M4 out to $70 kpc for M54) require more powerful ETI transmitters to produce signals that will be detectable on Earth.
On the other hand, open clusters are relatively nearby, they tend to have metal abundances closer to solar (Dias et al. 2002) , and computations suggest that the stellar densities of open clusters are not prohibitive to planet formation (Scally & Clarke 2001; Bonnell et al. 2001; de la Fuente Marcos & de la Fuente Marcos 1997) . While most open clusters are far too young to be of interest to SETI, the literature does contain a subset of $20 clusters that are older than the 3 Gyr timescale for habitability required for habstars in Paper I. These fascinating objects are found near or outside of the solar circle in the Galaxy and at larger distances from the Galactic plane than very young clusters but generally with z < 1 kpc see Friel 1995 Once the stars in a cluster become old enough to support complex lifeforms, we expect the total habitability of the cluster (in terms of number of habitable stars) to diminish with time as the more massive stars leave the main sequence. This could be mitigated if newly inhabited systems around low-mass stars arise at a rate similar to their loss, but de la Fuente Marcos & de la Fuente Marcos (2003) suggest that as clusters age the range of stellar masses that is potentially habitable shrinks, because massive stars leave the main sequence faster than planets orbiting lower mass stars can become habitable (e.g., through building up protective ozone atmospheres for land-based lifeforms, with a timescale dependent upon UV flux; Livio 1999). However, considering the variety of potential evolutionary paths for terrestrial planets of different masses and compositions orbiting stars of different spectral types, our foremost concerns are (1) that the clusters be old enough for the emergence of complex life and (2) that the metallicity be high enough for terrestrial planet formation. Table 3 presents data taken from Chaboyer, Green, & Liebert (1999, NGC 6791 data), Dias et al. (2002) , and Chen, Hou, & Wang (2003) for 14 open clusters that are roughly 3 Gyr or older in age and have metallicities greater than [Fe/H $ À0:4 (the same metallicity cutoff applied to stars in HabCat). The large angular sizes (as large as 25 0 for M67) of many of these clusters can still be accommodated by the large PFOV of the ATA, even at the highest frequency now being considered for SETI observations (11 GHz). For observations with the ATA, the entire PFOV will be observed with an imaging correlator using the best spectral resolution ($1 kHz), at the same time that individual stars within the cluster are being observed with up to 16 synthesized beams using the SETI signal processors. At the lower frequencies it will also be possible to select only those antennas whose spacings are short enough to form a synthesized beam that more nearly matches the angular size of the cluster; all stars in the cluster will be searched, but at a reduced sensitivity. The smallest clusters with diameters $3 0 could be observed with the a subarray comprised of 145 antennas at 21 cm. One cluster (Berkeley 17, $7 0 diameter) at +31 declination will be observable to the Project Phoenix observing program at Arecibo, but it will require a mosaic of seven single-dish beams to include the entire cluster at 1 GHz. Three of the clusters in Table 3 will be unobservable with the ATA ( < À40
), but they have been included to make this list useful to observers at facilities in the Southern Hemisphere. Note.
-Units of right ascension are hours and minutes, and units of declination are degrees and arcminutes.
The clusters in Table 3 vary substantially in terms of membership numbers, from the fairly sparse Ru 46 (the existence of which as a true cluster has been questioned, e.g., Carraro & Patat 1995) to the much more populous clusters M67, NGC 6819, and NGC 6791 (with $10 3 members or more). Although observing more stars per observation is generally an advantage for SETI, the dynamics of the richest objects may be less favorable for habitable worlds, so this variety in cluster richness is desirable for the SETI target list.
With an average distance of $3 kpc, these objects represent the most distant SETI targets. At this distance a signal comparable to the high gain Arecibo Planetary Radar (2 Â 10 13 W EIRP) would be just detectable to Project Phoenix at Arecibo (9 Â 10 13 W EIRP with the ATA), if that signal were aimed at Earth. An omnidirectional beacon would require 10 7 times more power to be detectable. The proximity of these clusters to the Galactic plane, however, means that at 1 GHz we expect to capture $10 7 foreground stars in each observation.
PRIORITIZATION OF SETI TARGETS
In the previous sections and Paper I, we have assembled a total of $274,000 targets for SETI, including the Catalog of Nearby Habitable Stellar Systems (HabCat), the Near 100, Old Open Clusters, and Tycho-2 dwarfs. In this section we present a prioritization algorithm for SETI targets, so that those targets which are the most interesting from a habitability standpoint and the nearest to Earth are observed first and most often.
HabCat Targets and the '' Top 25 '' Habstars
The most favorable targets are those included in HabCat, and the two factors we have used in determining '' merit '' (i.e., priority) are location on the color-magnitude diagram (CMD) and distance. The '' spectral '' merit is a two-dimensional Gaussian in BÀV and M v , which peaks at the Sun's location on the CMD (corresponding to a merit of 1.0). The distance merit falls off as the inverse-square of distance, according to the detectability of a given transmitter power. Distance merit was chosen to dominate HabCat merits out to the distance of 50 light years ($15 pc, a sphere encompassing 215 habstars), where responses to the first terrestrial signals of $100 years ago could be reaching us now (e.g., Marconi's transatlantic communications with the broadband Poldhu spark transmitter in 1901, which may have radiated a fraction of its power through the ionosphere at > 7 MHz, Ratcliffe 1974) . The spectral and distance merits were added together to create the spectral-distance merit:
where M spec ¼ e Finally, the Tycho-2 stars were assigned the lowest merits, and these were based on B T ÀV T color, a onedimensional Gaussian centered on the Sun's B T ÀV T color, 0.72 (converted from Cousins-Johnson BÀV ¼ 0:65 using HabCat has now been augmented with subsets of targets that include some non-Sunlike environments (i.e., the nearest 100 stars and stars in clusters) and improve the ATA observing efficiency (by providing one or more HabCat or Tycho-2 targets within every possible PFOV). This target list of $300,000 stars will allow us three targets per beam from 0.5 to $3 GHz, and one target per beam up to $8 GHz over the whole sky, with the situation improved somewhat close to the Galactic plane. Our most crucial need, both for improving the SETI target list and for the overall study of the biological habitability of the solar neighborhood, is measurement of the distances, metallicities, variability, masses, age indicators, and multiplicities for late F, G, and K stars in the nearest $100 pc (i.e., a complete sample down to V $ 14 for stars with 0:4 < BÀV < 1:0). The detailed study of stars near the Sun has been largely neglected up to this point, but the growing field of astrobiology is creating a demand for these data, especially with regard to SETI, NASA's Terrestrial Planet Finder mission, and ESA's Darwin mission. Survey programs with undersubscribed meter-class telescopes could potentially enlist the talents of amateur astronomers to provide intermediate-band photometry (for metallicity estimates) and monitor stellar variability for many thousands or even millions of nearby stars. Otherwise, we eagerly await the SIM and GAIA missions as contributors to this repertoire of necessary, basic data.
